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Description 



This invention relates to a process for the manufacture of olefinic polymers in the presence of a selected catalyst 
Catalyst compositions comprising zirconium compounds, typically metallocene and aluminoxane are known for use 
in the homopolymerization of olefins such as ethylene or the copolymerization of ethylene/aipha-olef ins as disclosed for 
example in Japanese Laid-Open Patent Publication No. 58-19309. While the disclosed prior art process is advanta- 
geous so far as concerns the availability of polymerized products with increased yield, it has a drawback in that the pol- 
ymers obtained have a relatively narrow distribution of molecular weight or composition, coupled with a relatively low 
molecular weight. When taking into account the molecular weight alone, it would be possible to increase the molecular 
weight of a polymer to some extent by making a proper selection of transition metals from among the qrouD of metal- 
locene. 

The molecular weight of a polymer may be increased by the use of a transition metal compound having a 2,3 and 
4-substituted cyclopentadienyl group as disclosed in Japanese Laid-Open Patent Publication No. 63-234005 or by the 
use of a hafnium compound having a ligand bonded to at least two cross-linked conjugated cycloalkadienyl groups as 
disclosed in Japanese Laid-Open Patent Publication No. 2-22307. However, such catalyst components are complicated 
if not difficult to synthesize. The use of hafnium compounds is not very conductive to polymer yields. The prior catalysts 
often being soluble in the reaction system, are further disadvantageous in that the polymer resulting from the slurry or 
gas-phase polymerization would have reduced bulk density and deteriorated granular properties. Attempts have been 
made to produce a polymerisation catalyst which would produce polymer products having improved particle size and 
bulkdensity as disclosed in EP-A-0260130, the catalyst comprising a supported reaction product of a metallocene of a 
metal of Group IVB, VB or VIB of the periodic table, a non-metal locene. compound of a metal of Group IVB, VB or VIB 
and an aluminoxane. said reaction product formed in the presence of a support material. 

Attempts have also been made to develop a catalyst, as disclosed in EP-A1 -1447071 , which is suited to the heter- 
ogeneous process of polymerisation of olefins in suspensions or in gaseous phase. The disclosed catalyst consisting 
of spheroidal particles having a narrow particle size distribution and comprises of a support containing magnesium 
dichloride and an electron donor, free from labile hydrogen, a zirconium metallocence. at least one halide of titanium or 
vanadium and optionally an organoaluminium compound. 

With the foregoing difficulties of the prior art in view, the present invention seeks to provide a process for the man- 
ufacture of polyolefins in the presence of a novel catalyst with increased yields, wherein the polyolefins have a relatively 
wide molecular weight distribution, a narrow composition distribution and improved granular quality. 

This, and other objects and features of the invention, will appear clear from the following detailed description of cer- 
tain preferred embodiments. 

According to the invention, there is provided a process for the manufacture of polyolefins which comprises polym- 
erizing an olefinic hydrocarbon selected from the group consisting of alpha-olefins, cyclic olefins, dienes, trienes and 
styrene analogs in the presence of a catalyst composition, said catalyst composition comprising a first component (I) 
and a second component (II), 

said first component (I) resulting from the reaction of 

a compound (i) of the formula 



Me 1 RjX4-n 

wherein R 1 is an alkyl, alkoxy, aryloxy or aralkytoxy gr0 up of 1 - 24 carbon atoms, X 1 is a halogen atom, Me 1 is a metal 
of the group of zirconium, titanium and hafnium, and n is an integer of 0 ^ n ^ 4, in an amount by transition metal con- 
centration of 0.01-500 milimoles per 1 0Og of a carrier (iv) defined hereinafter; 
a compound (ii) of the formula 



Me 2 R£x 2 . 2 m 

wherein R 2 is a hydrocarbon group of 1 - 24 carbon atoms, X 2 is an alkoxy group of 1 - 12 carbon atoms or a halogen 
atom, Me^ is an element of Groups Mil in the Periodic Table, z is the valence of Me 2 , and m is an integer of 0 < m <; Z, 
in an amount of 0.01 -100 moles per mole of said compound (i); 

an organocyclic compound (iii) in an amount of 0.01-10 moles per mole of said compound (i), said organocyclic 
compound being selected from the group consisting of cyclic hydrocarbons having 2 or more conjugated double bonds 
in the molecule and a carbon number of 4-24; a compound of the formula 



(Cp) r SiR 3 X 4 .?- 6 

wherein Cp is a cyclopentadienyl group, R 3 is a hydrocarbon group of 1-24 carbon atoms, X 3 is a halogen atom, and r 
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and s are 0<r£4 and 0sss3 respectively, and a compound of the formula 

(lnd))SiRu X^hj 

wherein Ind is an indenyl group, R 4 is a hydrocarbon group of 1-24 carbon atoms. X 4 is a halogen atom; and t and u are 
0<t£4 and (Ku£3 respectively; and 

an inorganic carrier and/or particulate polymer carrier (iv); 

said second component (II) being a modified organoaluminium compound having AI-O-AI bonds derived from 
the reaction of an organoaluminium compound and water. 

Figure 1 is a flow chart utilized to explain the process of preparing a catalyst used in the invention. 

The compound (i) which is used in the preparation of Component (I) of the inventive catalyst composition is repre- 
sented by the formula Me 1 R 1 nXVn wherein R 1 is a hydrocarbon moiety having a carbon atom number of from 1 to 24, 
preferably from 1 to 8, including an alkyl group such as methyl, ethyl, propyl, butyl, pentyl, hexyl and octly. an alkenyl 
group such as vinyl and allyl, an aryl group such as phenyl, tolyl and xylyl, an aralkyl group such as benzyl, phenethyl, 
styryl and neophyl, an alkoxy group such as methoxy, ethoxy, propoxy, butoxy and pentyloxy, an aryloxy group such as 
phenoxy and tolyloxy, and an aralkyloxy group such as benzyloxy. X 1 in the formula is a halogen atom such as fluorine, 
iodine, chlorine and bromine. Me 1 is titanium, zirconium or hafnium, ziconium being preferred, n is 0 s n s 4, preferably 
0 < n « 4. 

Specific examples of the compound (i) include tetramethyl zirconium, tetraethyl zirconium, tetrapropyl zirconium, 
tetra-n-butyl zirconium, tetrapentyl zirconium, tetraphenyl zirconium, tetratolyl zirconium, tetrabenzyl zirconium, tetram- 
ethoxy zirconium, tetraethoxy zirconium, tetrapropoxy zirconium, tetrabutoxy zirconium, tetraphenoxy zirconium, tetra- 
tolyloxy zirconium, tetrapentyloxy zirconium, tetrabenzyloxy zirconium, tetraallyl zirconium, tetraneophyl zirconium, 
trimethylmonochlorozirconium, triethylmonochlorozirconium, tripropylmonochlorozirconium, tri-n-butyimonochlorozir- 
conium, tribenzylmonochlorozirconium, dimethyldichlorozirconium, diethyldichlorozirconium, di-n-butykJichlorozirco- 
nium. dibenzyldichlorozirconium, monomethyftrichlorozirconium, monoethyltrichlorozirconium, mono-n- 
butyltrichlorozirconium, monobenzyrtrichlorozirconium, tetrachlorozirconium, tetramethoxyzirconium, trimethaxymono- 
chlorozirconium, dimethoxydichlorozirconium, monomethoxytrichlorozirconium. tetraethoxyzirconium, triethoxymono- 
chlorozirconium, diethoxydichlorozirconium, monoethoxytrichlorozirconium, tetraisopropoxyzirconium. 
triisopropoxymonochlorozirconium, diisopropoxydichlorozirconium, monoisopropoxytrichlorozirconium, tetra-n-butox- 
yzirconium, tri-n-butoxymonochlorozirconium, di-n-butoxydichlorozirconium, mono-n-butoxytrichlorozirconium, tetrap- 
entoxyzirconium, tripentoxymonochlorozirconium, dipentoxydichlorozirconium, monopentoxytrichlorozirconium, 
tetraphenoxyzirconium, triphenoxymonochlorozirconium, diphenoxydichlorozirconium, monophenoxytrichlorozirco- 
nium, tetratolyoxyzirconium. tritolyoxymonochiorozirconium. ditolyoxydichlorozirconium. monotolyoxytrichlorozirco- 
nium, tetrabenzyloxyzirconium, tribenzyloxymonochlorozirconium. dibenzyloxydichlorozirconium, 
monobenzyloxytrichlorozirconium, trimethylmonobromozirconium, triethylmonobromozirconium, tripropylmonobro- 
mozirconium, tri-n-butylmonobromozirconium, tribenzylmonobromozirconium, dimethyldibromozirconium, diethyldibro- 
mozirconium. di-n-butyldibromozirconium, dibenzyldibromozirconium, monomethyrtribromozirconium, 
monoethyltribromozirconium, mono-n-butyltribromozirconium, monobenzyrtribromozirconium, tetrobromozirconium, tri- 
methoxymonobromozirconium, dimethoxydibromozirconium, monomethoxytribromozirconium, triethoxymonobro- 
mozirconium, diethoxydibromozirconium, monoethoxytribromozirconium, triisopropoxymonobromozirconium, 
diisopropoxydibromozirconium, monoisopropoxytribromozirconium. tri-n-butoxymonobromozirconium, di-n-butoxy- 
dibromozirconium, mono-n-butoxytribromozirconium, tripentoxymonobromozirconium, dipentoxydibromozirconium, 
monopentoxytribromozirconium, triphenoxymonobromozirconium, diphenoxydibromozirconium, monophenoxytribro- 
mozirconium, tritolyloxymonobromozirconium, ditolyloxydibromozirconium, monotolyloxytribromozirconium, tribenzy- 
loxymonobromozirconium, dibenzyloxydibromozirconium, monobenzyloxytribromozirconium, 

trimethylmonoiodozirconium, triethylmonoiodozirconium, tripropylmonoiodozirconium, tri-n-butylmonoiodozirconium, 
tribenzylmonoiodozirconium, dimethyldiioxozirconium, diethyldiioxozirconium, dipropyldiioxozirconium, di-n-butyldiiox- 
ozirconium. dibenzyldiioxozirconium, monomethyltriiodozirconium, monoethyltriiodozirconium. monopropyltriiodozirco- 
nium. mono-n-butyltriiodozirconium. monobenzyltriiodozirconium, tetraiodozirconium, trimethoxymonoiodozirconium, 
dimethoxydiiodozirconium, monomethoxytriiodozirconium. triethoxymonoiodozirconium. diethoxydiiodozirconium, 
monoethoxytriiodozirconium, triisopropoxymonoiodozirconium, diisopropoxydiiodozirconium, monoisopropoxytriiodoz- 
irconium, tri-n-butoxymonoiodozirconium, di-n-butoxydiiodozirconium, mono-n-butoxytriiodozirconium, tripentoxymo- 
noiodozirconium. dipentoxydiiodozirconium, monopentoxytriiodozirconium, triphenoxymonoiodozirconium, 
diphenoxydiiodozirconium, monophenoxytriiodozirconium, tritolyoxymonoiodoiodozirconium, ditolyoxydiiodozirconium, 
monotolyoxytriiodozirconium, tribenzyloxymonoiodozirconium, dibenzyloxydiiodozirconium, monobenzyloxytriiodozir- 
conium, tribenzylmonomethoxyzirconium, tribenzylmonoethoxyzirconium, tribenzylmonopropoxyzirconium, tribenzyl- 
monobutoxyzirconium, tribenzylmonophenoxyzirconium, dibenzyldimethoxyzirconium, dibenzyldiethoxyzirconium, 
dibenzyldipropoxyzirconium, dibenzyldibutoxyzirconium, dibenzyldiphenoxyzirconium, monobenzyltrimethoxyzirco- 
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nium, monobenzyltriethoxyzirconium, monobenzyltripropoxyzirconium, monobenzyltributoxyzirconium, monobenzytt- 
riphenoxyzirconium, trineophylmonomethoxyzirconium, trineophylmonoethoxyzirconium, 

trineophylmonopropoxyzirconium, trineophyimonobutoxyzirconium, trineophylmonophenoxyzirconium, dineophyld- 
imethoxyzirconium, dineopriyldiethoxyzirconium, dineophyldipropoxyzirconium, dineophyWibutoxyzirconium, dineo- 

5 phyldiphenoxyzirconium, monoeophyltrimethoxyzirconium, mononeophytoiethoxyzirconium, 

mononeophyltripropoxyzirconium, mononeopriyltributoxyzirconium, mononeophyitriphenoxyzirconium, tetramethyl tita- 
nium, tetraethyl titanium, tetrapropyl titanium, tetra-n-butyl titanium, tetrapentyt titanium, tetraphenyl titanium, tetratolyl 
titanium, tetrabenzyl titanium, tetramethoxy titanium, tetraethoxy titanium, tetrapropoxy titanium, tetrabutoxy titanium, 
tetraphenoxy titanium, tetratolyoxy titanium, tetrapentyloxy titanium, tetrabenzyloxy titanium, tetraallyl titanium, tetrane- 
io ophyi titanium, trimethylmonochlorotitanium, triethylmonochlorotitanium, tripropylmonochlorotitanium, tri-n-butylmono- 
chlorotitanium, tribenzylmonochlorotitanium, dimethyldichlorotitanium, diethyldichlorotitanium, di-n- 
butyldichlorotitanium, dibenzyldichiorotitanium, monomethyltrichlorotitanium, monoethyltrichlorotitanium. mono-n- 
butyltrichlorotitanium, monobenzyltrichlorotitanium, tetrachlorotitanium, tetramethoxytitanium, trimethoxymonochloroti- 
tanium, dimethoxydichlorotitanium, monomethoxytrichlorotitanium, tetraethoxytitanium, triethoxymonochlorotitanium, 

15 diethoxydichlorotitanium. monoethoxytrichlorotitanium, tetraisopropoxytitanium, triisopropoxymonochlorotitanium, 
diisopropoxydichlorotitanium, monoisopropoxytrichlorotrtanium, tetra-n-butoxytitanium, tri-ni-butoxymonochlorotita- 
nium, di-n-butoxydichlorotitanium. mono-n-butoxytrichlorotitanium, tetrapentoxytitanium, tripentoxyrnonochlorotita- 
nium, dipentoxydichlorotitanium, monopentoxytrichlorotitanium, tetraphenoxytitanium, triphenoxymonochlorotitanium, 
diphenoxydichiorotitanium, monophenoxytrichlorotitanium, tetratolyloxytitanium, tritolyloxymonochlorotitanium, ditoly- 

20 loxydichlorotitanium, monotolyloxytrichlorotitanium, tetrabenzyloxytitanium, tribenzyloxymonochlorotitanium, dibenzy- 
loxydichlorotitanium, monobenzyloxytrichlorotitanium, trimethylmonobromotitanium, triethylmonobromotitanium, 
tripropylmonobromotitanium, tri-n-butylmonobromotitanium, tribenzylmonobromotitanium, dimethyldibromotrtanium, 
diethyldibromotitanium, di-n-butyldibromotitanium, dibenzyidibromotitanium, monomethyftribromotitanium, monoethyl- 
tribromotitanium, mono-n-butyltribromotitanium, monobenzyitribromotitanium, tetrobromotitanium, trimethoxymono- 

25 bromotitanium, dimethoxydibromotitanium. monomethoxytribromotitanium, triethoxymonobromotitanium, 
diethoxydibromotitanium, monoethoxytribromotitanium, triisopropoxymonobromotitanium. diisopropoxydibromotita- 
nium, monoisopropoxytribromotitanium, tri-n-butoxymonobromotitanium, di-n-butoxydibromotitanium, mono-n-butox- 
ytribromotitanium, tripentoxymonobromotitanium, dipentoxydibromotitanium, monopentoxytribromotitanium, 
triphenoxymonobromotitanium, diphenoxydibromotitanium, monophenoxytribromotitanium, tritolyloxymonobromotita- 

3 o nium, drtolyloxydibromotitanium. monotolyloxytribromotitanium, tribenzloxymonobromotitanium, dibenzloxydibromotita- 
nium, monobenzloxytribromotitanium, trimethylmonoiodotitanium, triethylmonoiodotitanium, tripropylmonoiodotitanium, 
tri-n-butylmonoiodotitanium, tribenzylmonoiodotitanium, dimethyldiiodotitanium, diethyldiiodotitanium, dipropyldiiodoti- 
tanium, di-n-butyWiiodotitanium, dibenzyldiicxJotitanium, monomethyttriiodotitanium. monoethyltriiodotitanium, mono- 
propyltriiodotitanium, mono-n-butyltriiodotitanium, monobenzyltriiodotitanium, tetraicxiotitanium. 

35 trimethoxymonoiodotitanium, dimethoxydiiodotitanium, monomethoxytriiodotitanium, triethoxymonoiodotitanium, 
diethoxydiiodotitanium, monoethoxytriiodotitanium, triisopropoxymonoiodotitanium, diisopropoxydiiodotitanium, monoi- 
sopropoxytriiodotitanium, tri-n-butoxymonoiodotitanium, di-n-butoxydiiodotitanium, mono-n-butoxytriiodotitanium, trip- 
entoxymonoiodotitanium, dipentoxydiiodotitanium. monopentoxytriiodotitanium, triphenoxymonoiodotitanium, 
diphenoxydiiodotitanium, monophenoxytriiodotitanium, tritolyloxymonoicxJoiodotitanium, ditolyloxydiiodotitanium, 

40 monotolyloxytriiodotitanium, tribenzyloxymonoiodotitanium, dibenzyloxydiiodotitanium, monobenzyloxytriiodotitanium, 
tribenzylmonomethoxytitanium, tribenzylmonoethoxytitanium, tribenzylmonopropoxytitanium, tribenzylmonobutoxytita- 
nium, tribenzylmonophenoxytitanium, dibenzyldimethoxytitanium, dibenzyldiethoxytitanium, dibenzyldipropoxytita- 
nium. dibenzytdibutoxytitanium, dibenzyldiphenoxytitanium, monobenzyltrimethoxytitanium, 

monobenzyltriethoxytitanium, monobenzyltripropoxytitanium, monobenzyltributoxytitanium, monobenzyltriphenoxytita- 

45 nium, trineophylmonomethoxytitanium, trineophylmonoethoxytitanium, trineophyimonopropoxytitanium, trineophyl- 
monobutoxytitanium, trineophyimonophenoxytitanium, dineophytdimethoxytitanium, dineophyldiethoxytitanium, 
dineophyldipropoxytitanium, dineophyldibutoxytitanium, dineophyldiphenoxytitanium, mononeophyltrimethoxytitanium, 
mononeophyltriethoxytitanium, mononeophyltripropoxytitanium, mononeophyltributoxytitanium, mononeophyltriphe- 
noxytitanium, tetramethyl hafnium, tetraethyl hafnium, tetrapropyl hafnium, tetra-n-butyl hafnium, tetrapentyi hafnium, 

so tetraphenyl hafnium, tetraatolyl hafnium, tetrabenzyl hafnium, tetramethoxy hafnium, tetraethoxy hafnium, tetrapropoxy 
hafnium, tetrabutoxy hafnium, tetraphenoxy hafnium, tetratolyoxy hafnium, tetrapentyloxy hafnium, tetrabenzyloxy haf- 
nium, tetraallyl hafnium, tetraneophyl hafnium, trim ethyl monochlorohaf nium, triethylmonochlorohafnium, tripropylmon- 
ochlorohafnium, tri-n-butylmonochlorohafnium, tribenzylmonochlorohafnium, dimethyldichlorohafnium, 
diethyldichlorohafnium, di-n-butyldichlorohafnium. dibenzyldichlorohafnium, monomethyltrichlorohafnium, monoethyl- 

55 trichlorohafnium, mono-n-butyitrichlorohafnium, monobenzyltrichlorohafnium, tetrachlorohafnium, tetramethoxyhaf- 
nium, trimethoxymonochlorohafnium, dimethoxydichlorohafnium, monomethoxytrichlorohafnium, tetraethoxy hafnium, 
triethoxymonochiorohafnium, diethoxydichlorohafnium, monoethoxytrichlorohafnium, tetraisopropoxyhafnium, triiso- 
propoxymonochlorohafnium, diisopropoxydichlorohafnium, monoisopropoxytrichlorohafnium, tetra-n-butoxyhafnium, 



4 
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tri-ni-butoxymonochlorohafnium, di-n-butoxydichlorohafnium, mono-n-butoxytrichlorohafnium t tetrapentoxyhafnium, 
tripentoxymonochlorohafnium. dipentoxydichlorohafnium, monopentoxytrichlorohafnium, tetraphenoxyhafnium, triphe- 
noxymonochlorohafnium, diphenoxydichlorohafnium, monophenoxytrichlorohafnium, tetratolyoxyhafnium, tritolyoxy- 
monochlorohafnium, ditolyloxydichlorohafnium ( monotolyloxytrichlorohafnium, tetrabenzyloxyhafnium, 

5 tribenzyloxymonochlorohafnium, dibenzyloxydichlorohafnium, monobenzyloxytrichlorohafnium, trimethylmonobromo- 
hafnium, triethylmonobromohafnium, tripropylnx)nobromohafnium. tri-n-butytmonobromohafnium, tribenzytmonobro- 
mohafnium, dimethyldibromohafnium, diethyldibromohafnium, di-n-butyldibromohafnium, dibenzyldibromohafnium, 
monomethyltribromohafnium, monoethyttribromohafnium, mono-n-butyltrforomohafnium. monobenzyltribromohafnium, 
tetrobromohafnium, trimethoxymonobromohafnium, dimethoxydibromohafnium, monomethoxytribromohafnium, tri- 

70 ethoxymonobromohafnium, diethoxydibromohafnium, monoethoxytribromohafnium, triisopropoxymonobromohafnium, 
diiscpropoxydibromohafnium, monoisopropoxytribromohafnium, tri-n-butoxymonobromohafnium, di-n-butoxydibromo- 
hafnium, mono-n-butoxytribromohafnium, tripentoxymonobromohafnium, dipentoxydibromohafnium, monopentoxytri- 
bromohafnium, triphenoxymonobromohafnium, diphenoxydibromohafnium, monophenoxytrtbrornohafnium, 
tritolyloxymonobromohafnium, ditolyloxydibromohafnium, monotolyloxytribromohafnium, tribenzloxymonobrofnohaf- 

15 nium, dibenzloxydibromohafnium, nx>nobenz!oxytribromohafnium, trimethylmonoiodohafnium, triethyimonoiodohaf- 
nium, tripropylmonoiodohafnium, tri-n-butylmonoiodohafnium, triberizylmonoiodohafnium, dimethyldiioxohafnium, 
diethyldiioxohafnium, dipropyldiioxohafnium, di-n-butykJiioxohafnium, dibenzyldiioxohafnium. monomethyltriiodohaf- 
nium, monoethyltriiodohafnium, monopropyftriiodohafnium, mono-n-butyrtriiodohafnium, monobenzyltriiodohafnium, 
tetraiodohafnium, trimethoxymonoiodohafnium, dimethoxydiiodohafnium, monomethoxytriiodohafnium, triethoxymono- 

20 iodohafnium. diethoxydiiodohafnium, monoethoxytriiodohafnium, triisopropoxymonoiodohafnium, diisoprcpoxydiiodo- 
hafnium, monoisopropoxytriiodohafnium, tri-n-butoxymonoiodohafnium, di-n-butoxydiicxlohafnium, mono-n- 
butoxytriicxlohafnium, tripentoxymonoicxjohafnium, dipentoxydiiodohafnium, monopentoxytriicxjohafnium, triphenoxy- 
monoicxlohafnium. diphenoxydiiodohafnium, monophenoxytriiodohafnium, tritolyioxymonoiodoiodohafnium, ditolyloxy- 
diiodohafnium, monotolyloxytriiodohafnium, tribenzyloxymonoicxlohafnium, dibenzyloxydiicxiohafnium, 

2s monobenzyloxytriiodohafnium, tribenzylmonomethoxyhafnium, tribenzylmonoethoxyhafnium, tribenzylmonopropoxy- 
hafnium, tribenzylmonobutoxyhafnium, tribenzylmonophenoxyhafnium, dibenzyldimethoxyhafnium. dibenzyldiethoxy- 
hafnium. dibenzyldipropoxyhafnium, dibenzyldibutoxyhafnium, dibenzyldiphenoxyhafnium, 

monobenzyrtrimethoxyhafnium, monobenzyltriethoxyhafnium, monobenzyltripropoxyhafnium, monobenzyHributoxyhaf- 
nium, monobenzyltriphenoxyhafnium, trineophylmonomathoxyhafnium, trineophylmonoethoxyhafnium, trineophyl- 

30 monopropoxyhafnium, trineophylmonobutoxyhafnium, trineophylmonophenoxyhafnium, dineophyldimethoxyhafnium, 
dineophyldiethoxyhafnium, dineophyldipropoxyhafnium, dineophyldibutoxyhafnium, dineophyldiphenoxyhafnium, 
mononeophyltrimethoxyhafnium, mononeophyltriethoxyhafnium, mononeophyttripropoxyhafnium, mononeophyltribu- 
toxyhafnium, mononeophyltriphenoxyhafnium and the like, most preferred of which compounds are tetramethylzirco- 
nium tetraethyizirconium. tetrabenzlzirconium, tetrapropoxyzirconium, tetrabutcxyzirconium and tetrachlorozirconium. 

35 The compound (ii) used in the invention is represented by the formula Me 2 R 2 m X 2 z . m wherein R 2 is a hydrocarbon 
group having a carbon number of from 1 to 24. preferably from 1 to 12. more preferably from 1 to 8, including an alkyl 
group such as methyl, ethyl, propyl, isopropyl, butyl, pantyl. hexyl. octyl, decyl and dodecyt. an alkenyi group such as 
vinyl and allyl, an aryl group such as phenyl, tolyl and xylyl, and an aralkyl group such as benzyl, phenethyl and styryl; 
X 2 is an alkoxy group.of 1-12 carbon atoms, preferably 1 - 6 carbon atoms such as methoxy, ethoxy. propoxy and 

40 butoxy, or a halogen atom such as fluorine, iodine, chlorine and bromine; Me 2 is an element of Groups I - III in the Peri- 
odic Table; 2 is a valance of Me 2 ; and m is an integer of 0<msZ. 

Specific examples of the compound (ii) eligible for the purpose of the invention are methyllithium, ethyllithium, n- 
propyllithium, isopropyllithium, n-butyllithium, t-butyllithium. pentyl lithium, octyllithium, phenyllithium, benzyllithium. 
dimethylmagnesium, diethylmagnesium, di-n-propylmagnesium, diisopropyl magnesium, di-n-butylmagnesium, di-t- 

45 butyl magnesium, dipentylmagnesium, methyl magnesium chloride, n-propylmagnesium chloride, isopropylmagnesium 
chloride, n-butylmagnesium chloride, t-butyl magnesium chloride, pentylmagnesium chloride, octylmagnesium chloride, 
phenylmagnesium chloride, benzylmagnesium chloride, methyl magnesium bromide, methylmagnesium iodide, ethyl- 
magnesium bromide, ethylmagnesium iodide, n-propylmagnesium bromide, n-propylmagnesium iodide, isopropylmag- 
nesium bromide, isopropylmagnesium iodide, n-butylmagnesium bromide, n-butylmagnesium iodide, t-butylmagnesium 

so bromide, t-butylmagnesium iodide, pentylmagnesium bromide, pentylmagnesium iodide, octylmagnesium bromide, 
octylmagnesium iodide, phenylmagnesium bromide, phenylmagnesium iodide, benzylmagnesium bromide, benzyl- 
magnesium iodide, dimethylzinc, diethylzinc, di-n-propylzinc, diisopropylzinc, di-n-butylzinc, di-t-butylzinc, dipentylzinc, 
dioctylzinc. diphenylzinc. dibenzylzinc, trimethylboron, triethylboron, tri-n-propylboron, triisopropylboron. tri-n-butylbo- 
ron, tri-t-butylboron, tripentylboron, trioctylboron, triphenyiboron and tribenzylboron. 

55 The compound (ii) further includes an organoaluminum compound of the formulae R 3 AI. R 2 AIX. RAIX 2 . RAI(OR)X 
and R 3 Al 2 X 3 wherein R is a hydrocarbon group and X is a halogen atom, specific examples of which include trimethyl- 
aluminum, triethylaluminum, diethylaluninum chloride, diethylaluminum bromide, diethylaluminum fluoride, diethylalu- 
minum iodide, ethylaluminum dichloride. ethylaluminum dibromide, ethylaluminum difluoride ethylaluminum diiodide, 
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tripropylatuminum, dipropylatuminum chloride, dipropylaluminum bromide, dipropylaluminum fluoride dipropylaluminun 
iodide, propylatuminum dichloride, propylaluminum dibromide. propyialuminum difluoride propylalumirtum diiodide, tri- 
isopropylaluminum, diisopropylaluminum chloride, diisopropylaluminum bromide, diisopropylaluminum fluoride, diiso- 
propylaluminum iodide, ethyialuminum sesquichloride, ethyialuminum sesquibromide, propylaluminum sesquichloride, 

5 propylaluminum sesquibromide. n-buthylaluminum sesquichloride. n-butylaluminum sesquibromide, isopropylalumi- 
num dichloride, isopropylaluminum dibromide. isopropytaluminum difluoride. isopropytaluminum diiodide, tributylalumi- 
num, dfoutylaluminum chloride, dibutylaluminum bromide, dibutylaiuminum fluoride, dibutylaluminum iodide, 
butylaluminum dichloride. butytaluminum dibromide, butylaluminum difluoride. butylaluminum diiodide. tri-sec-butylalu- 
minum, di-sec-butylalu minum chloride, di-sec-butylaluminum bromide, di-sec-butylaluminum fluoride. di-sec-butylalu- 

to minum iodide, sec -butylaluminum dichloride. sec -butylaluminum dibromide, sec-butylaluminum difluoride, sec- 
butylaluminum diiodide, tri-tert-butylaluminum, di-tert-butylaluminum chloride, di-tert-butylaluminum bromide, di-tert- 
butylaluminum fluoride, di-tert-butylaluminum iodide, tert-butylaluminum dichloride, tert-butylaluminum dibromide. tert- 
butylatuminum difluoride. tert-butyialuminum diiodide, triisobutylaluminum, diisobutylaluminum chloride, diisobutylalu- 
minum bromide, diisobutylaluminum fluoride, diisobutylaluminum iodide, isobutylatuminum dichloride, isobutylalumi- 

75 num dibromide. isobutylaluminum difluoride, isobutylaiuminum diiodide, trihexyialuminum. dihexylaluminum chloride, 
dihexylaluminum bromide, dihexylaluminum fluoride, dihexylaluminum iodide, hexylaluminum dichloride. hexylalumi- 
num dibromide, hexylaluminum difluoride. hexylaluminum diiodide. tripentylaluminum. dipentylaluminum chloride, 
dipentylaluminum bromide, dipentylaluminum fluoride, dipentylaluminum iodide, pentytaluminum dichloride, pentylalu- 
minum dibromide. pentylaluminum difluoride. pentylaluminum diiodide. methylaluminum methoxide. methylaluminum 

20 ethoxide. methylaluminum propoxide, methylaluminum butoxide. dimethylaluminum methoxide, di methylaluminum 
ethoxide, dimethylaluminum propoxide, dimethylaluminum butoxide, ethyialuminum methoxide, ethyialuminum ethox- 
ide, ethyialuminum propoxide, ethyialuminum butoxide. diethylaluminum methoxide, di ethyialuminum ethoxide. diethyl- 
aluminum propoxide, diethylaluminum butoxide, propylaluminum methoxide. propylaluminum ethoxide. propylaluminum 
propoxide. propylaluminum butoxide, dipropylaluminum methoxide. dipropylaluminum ethoxide. dipropylaluminum pro* 

25 poxide, dipropylaluminum butoxide, butylaluminum methoxide, butylaluminum ethoxide, butylaluminum propoxide, buty- 
laluminum butoxide, dibutylaluminum ethoxide. dibutylaluminum propoxide. dibutylaluminum butoxide and the like. 

The compound (iii) is an organocyctic compound having two or more conjugated double bonds, examples of which 
include a cyclic hydrocarbon compound having two or more, preferably 2 - 4. more preferably 2 - 3 conjugated double 
bonds and a carbon number of 4 - 24. preferably 4 - 12 in the molecule such as an aralkylene of 7 - 24 carbon atoms, 

30 cyclopentadiene. substituted cyciopentadiene. indene, substituted indene. fluorene, substituted fluorene. cyclohep- 
tatriene, substituted cycloheptatriene, cyclooctatetraene and substituted cyclooctatetraene. Each of such substituted 
compounds has a substituting group such as alkyl or araikyl of 1 - 12 carbon atoms. 

Specific examples of the compound (iii) include cyclopentadiene, methylcyclopentadiene, ethylcyclopentadiene, t- 
butylcyclopentadiene, hexylcyclopentadiene. octylcyclopentadiene, 1,2-dimethylcyclopentadiene. 1 ,3-dimethylcy- 

35 clopentadiene, 1 ,2,4-trimethyicyclopentadiene, 1 ,2,3,4-tetramethyicyclopentadiene, pentamethylcyclopentadiene. 
indene, 4-methyl-1 -indene. 4.7-dimethylindene, 4,5,6, 7-tetrahydroindene, fluorene. methylfluorene, cycloheptatriene, 
methylcycloheptatriene, cyclooctatraene and methylcyclooctatraene. These compounds may be bonded through the 
medium of an alkylene group of 2 - 8, preferably 2 - 3 carbon atoms, such bonded compounds including for example 
bis-indenylethane, bis(4,5,6,7-tetrahydro-1-indenyl)ethane, 1 ,3-propanedinyl-bis(4,5,6,7-tetrahydro)indene, propylene- 

40 bis(1 -indene), isopropyl(l-indenyl) cyclopentadiene. diphenylmethylene(9-fluorenyl) cyclopentadiene and isopropylcy- 
clopentadienyl-1 -fluorene. 

Another class of eligible compound (iii) according to the invention is represented by the formula 

(Cp) r SiR 3 8 X 3 4. r . 5 

45 

wherein Cp is a cyclopentadienyl group; R 3 is a hydrocarbon group of 1 - 24, preferably 1-12 carbon atoms including 
an alkyl group such as methyl, ethyl, propyl, butyl, pentyl, hexyl and octyl, an alkenyl group such as vinyl and aliyl, an 
aryl group such as phenyl, tolyl and xylyl, and an arallyl group such as benzyl, phenethyl, styryl and neophyl; X 3 is a 
halogen atom including fluorine, iodine, chlorine and bromine; and r and s are 0 < r s 4 and 0 ^ s ^ 3 respectively. 

so Specific examples of the above compound (iii) include monocyclopentadienyl silane. dicyclopentadienyl silane, tri- 
cyclopentadienyl silane, tetracyclopentadienyl silane, monocyclopentadienylmonomethyl silane. monocydopentadi- 
enylmonoethyl silane, monocyclopentadienyldimethy silane, monocyclopentadienyldi ethyl silane. 
monocyclopentadienyltrimethyl silane, monocyclopentadienyltri ethyl silane, monooyclopentadienylmonomethoxy 
silane, monocyctopentadienylmonoethoxy silane, monocyclopentadienylmonophenoxy silane, monocyclopentadienyl- 

55 monomethylmonochloro silane. monocyclopentadienylmonoethylmonochloro silane, monocyclopentadienylmonometh- 
yldichloro silane, monocyctopentadienylmonoethyldichloro silane, monocyclopentadienyltrichloro silane, 
dicyclopentadienyldimethyl silane, dicyclopentadienyldiethyl silane, dicyclopentadienyl methyl ethyl silane. dicyclopenta- 
dienyldipropyl silane. dicyclopentadienyl ethylpropyl silane, dicyclopentadienyldiphenyl silane, dicyclopentadienylmeth- 
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yfphenyl silane, dicyclopentadienytmethylchloro silane, dicyclopentadienylethylchloro silane, 
dicyclopentadienyldichloro silane. dicydopentadienylmonomethoxy silane. dicyciopentadienylmonoethoxy silane. 
dicyclopentadienytmonomethoxymonochloro silane. dicyclopentadienylmonoethoxymonochloro silane. tricycloperrtadi- 
enylmonomethyl silane. tricyclopentadienylmonoethyi silane. tricyclopentadienylmonomethoxy silane. tricydopentadi- 
5 enylmonoethoxy silane and tricyciopentadienylmonochloro silane. 
A further eligible compound (iii) is represented by the formula 

(IrxfySiR^XVu 

10 wherein Ind is an indenyl group; R 4 is a hydrocarbon group of 1 - 24. preferably 1 - 12 carbon atoms including an alkyl 
group such as methyl, ethyl, propyl, butyl, pentyt, hexyl and octyl. an alkenyl group such as vinyl and ally!, an aryl group 
such as phenyl, tolyl and xylyl, and an aralkyl group such as benzyl, phenethyl. styryl and neophyl; X 4 is a halogen atom 
including fluorine, iodine, chlorine and bromine; and t and u are 0 < t ^ 4 and 0 s u £ 3 respectively. 

Specific examples of the above compound (iii) include monoindenyl silane, diindenyl silane, triindenyl silane, 

is tetraindenyl silane, monoindenylmonomethyl silane, monoindenylmonoethyl silane. monoindenyldi methyl silane, 
monoindenyldiethyl silane, monoindenyltrimethyl silane, monoindenyttriethyl silane, monoindenylmonomethoxy silane. 
monoindenylmonoethoxy silane. monoindenylmonophenoxy silane. monoindenyl monomethylmonochloro silane, 
monoindenylmonoethylmonochloro silane. monoindenyl monomethyldichloro silane. monoindenylmonoethyldichloro 
silane, monoindenyltrichloro silane. bisindenyldimethyl silane, bisindenyldiethyl silane. bisindenylmethyl ethyl silane, 

20 bisindenyldipropyl silane, bisindenyldiphenyl silane, bisindenylmethyiphenyl silane, bisindenyimethylchloro silane. 
bisindenylethylchloro silane, bisindenyldichloro silane, bisindenylmonomethoxy silane, bisindenylmonoethoxy silane, 
bisindenytmonomethoxymonochloro silane. bisindenylmonoethoxymonochloro silane. triindenyl monoethyl silane, tri- 
indenylmonoethyl silane. triindenylmonomethoxy silane, triindenylmonoethoxy silane and triindenylmonochloro silane. 
An inorganic carrier and/or particulate polymer carrier is used as component (iv) of the catalyst composition. The 

25 inorganic carrier may be intrinsically in the form of particles, granules, flakes, foil or fibers, but. whatever the shape may 
be. should be 5 - 200 urn, preferably 10 - 100 \im in maximum length. The inorganic carrier is preferably porous, having 
a surface area of 5 - 1 .000 m 2 /g and a pore volume of 0.05 - 3 cm 3 /g. It may be chosen from the group of a carbona- 
ceous material, a metal, a metal oxide, a metal chloride and a metal carbonate, or a mixture thereof, which is calcined 
usually at 200° - 900°C in the air, nitrogen, argon or other inert gas. Suitable metals for the inorganic carrier (iii) are alu- 

30 minum and nickel. Eligible metal oxides are Group I - VIII metal oxides of the Periodic Table including Si0 2 , Al 2 0 3 . MgO. 
CaO, B20 3l Ti0 2 . Zr0 2 , Fe 2 0 3 . Si0 2 *AI 2 0 3 . AI 2 0 3 -MgO, AI 2 0 3 -CaO, Al 2 0 3 • MgO • CaO. Al 2 0 3 • MgO • Si0 2 , 
Al 2 0 3 • CuO, Al 2 0 3 • Fe 2 0 3 , Al 2 0 3 • NiO and Si0 2 • MgO. The double oxides are not particularly restricted in terms of 
structure and component ratio when used in the invention. The metal oxides may have adsorbed thereto small quanti- 
ties of moisture and may further contain a small amount of impurities. 

35 The metal chloride used in the invention is a chloride of an alkaline metal or alkaline earth metal, preferably MgCI 2 
and CaCI 2 . Examples of the metal carbonate are magnesium carbonate, calcium carbonate and barium carbonate, 
while those of the carbonaceous material referred to herein are carbonblack and activated carbon. The above metal 
oxides are most preferred amongst the other inorganic carrier materials. 

The term particulate polymer as used herein as a catalyst support or carrier (iv) designates a solid particulate form 

40 of either thermoplastic or thermosetting resin having an average particle size 5 - 2.000 jim, preferably 10-100 Jim, 
practically ranging from low molecular weight to ultra high molecular weight polymers as long as these polymers remain 
solid during the stages of catalyst preparation and polymerization reaction. Specific examples of the particulate polymer 
include ethylene polymers, ethylene alpha-olefin copolymers, propylene polymers or copolymers, poly-1-butene and 
like polyolef ins preferably of 2 - 12 carbon atoms, polyester, polyamide, polyvinylchloride. polymethylacrylate, polymeth- 

45 ylmethacrylate. polystyrene, polynorbornen and naturally occurring polymers as welt as mixtures thereof: The foregoing 
inorganic and particulate polymer carriers may be used per se as component (iv) according to the invention. Alterna- 
tively, they may be pretreated with an organoaluminum compound such as trimethylaluminum, triethylaluminum, tri- 
isobutylaluminum, tri-n-hexylaluminum, dimethylaluminum chloride, diethylaluminum chloride and 
diethylmonoethoxyaluminum, a modified organoaluminum compound having AI-O-AI bonds, or a silane compound. 

so The inorganic carrier may be used after treatment with an active hydrogen-containing compound such as alcohol 
and aldehydes, an electron-donative compound such as ester and ether, or an alkoxide-containing compound such as 
tetraalkoxysilicate, trialkoxyaluminum and transition-metal tetraalkoxide. 

The carriers may be contacted with various pretreating compounds in an atmosphere of an inert gas such as nitro- 
gen or argon in the presence of an inert liquid hydrocarbon such as an aromatic hydrocarbon (6-12 carbon atoms) 

55 including benzene, toluene, xylene and ethylbenzene or an aliphatic or alicyclic hydrocarbon (5-12 carbon atoms) 
including heptane, hexane, decane, dodecane and cyciohexane, with or without stirring at -100° - 200°C, preferably - 
50° - 100°C for 30 minutes to 50 hours, preferably 1 - 24 hours. This pretreatement reaction is carried out preferably in 
the presence of a solvent of aromatic hydrocarbon such as benzene, toluene, xylene and ethylbenzene in which the 
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pretreating compounds are rendered soluble. The resulting carrier may be readily put to use for the preparation of cat- 
alyst components without having to remove the solvent If the pretreating compound, for example a modified organoa- 
luminum compound, is insoluble or hardly soluble, there may be added pentene, hexane, decane, dodecane or 
cyclohexane to allow the reaction product to precipitate and thereafter dry. Alternatively, part or all of the aromatic hydr- 
5 ocabon solvent may be removed as by means of drying. 

There is no particular restriction imposed upon the ratio of carrier/pretreating compound, the latter being usually 1 
- 10,000 miliimoles, preferably 5 - 1,500 millimoles per 100 grams carrier. 

The various components (i) - (iv) used in the invention may be contacted in the following order: 

to (1) Components (i) through (iv) are all simultaneously contacted together. 

(2) Components (i), (ii) and (iii) are contacted together and thereafter with component (iv). 

(3) Components (ii). (iii) and (iv) are contacted together and thereafter with component (i). 

(4) Components (i), (iii) and (iv) are contacted together and thereafter with component (ii). 

(5) Components (i), (ii) and (iv) are contacted together and thereafter with component (iii). 

15 (6) Components (i) and (ii) are contacted together, then with component (iii) and thereafter with component (iv). 

(7) Components (i) and (ii) are contacted together, then with component (iv) and thereafter with component (iii). 

(8) Components (i) and (iii) are contacted together, then with component (ii) and thereafter with component (iv). 

(9) Components (i) and (iii) are contacted together, then with component (iv) and thereafter with component (ii). 

(10) Components (i) and (iv) are contacted together, then with component (ii) and thereafter with component (iii). 
20 (11) Components (i) and (iv) are contacted together, then with component (iii) and thereafter with component (ii). 

(12) Components (ii) and (iii) are contacted together, then with component (i) and thereafter with component (iv). 

(13) Components (ii) and (iii) are contacted together, then with component (iv) and thereafter with component (i). 

(14) Components (ii) and (iv) are contacted together, then with component (i) and thereafter with component (iii). 

(15) Components (ii) and (iv) are contacted together, then with component (iii) and thereafter with component (i). 
25 (16) Components (iii) and (iv) are contacted together, then with component (i) and thereafter with component (ii). 

(17) Components (iii) and (iv) are contacted together, then with component (ii) and thereafter with component (i). 

(18) Components (i) and (iv) are contacted together, then with component (ii) and thereafter with component (iii). 

(19) Components (i) and (iv) are contacted together, then with component (iii) and thereafter with component (ii). 

30 It has now been found that the sequences (1), (2), (5), (7) and (8) above are most effective. 

These four components (i) through (iv) may be, not restrictively, contacted in an atmosphere of an inert gas such 
as nitrogen or argon in the presence of an inert liquid hydrocarbon such as an aromatic hydrocarbon (6-12 carbon 
atoms) including benzene, toluene, xylene and ethylbenzene, or an aliphatic or alicyclic hydrocarbon (5-12 carbon 
atoms) including heptane, hexane, decane, dodecane and cyclohexane, with or without stirring at -100° - 200°C, pref- 

35 erably -50° - 100°C for 30 minutes to 50 hours, preferably 1 - 24 hours. It is to be noted however that the reaction is 
conducted under conditions to retain the polymer carrier material substantially in a solid state. 

Amongst the listed solvents are used most advantageously the aromatic hydrocarbons because the components 
(i), (ii) and (iii) are all soluble therein. Reference is made to the earlier mentioned procedures of pretreating the carrier 
materials for the utilization or disposal of the inert hydrocarbon solvents commonly used. 

40 Component (ii) is used in an amount of 0.01 - 1 ,000 moles, preferably 0.1 - 100 moles, more preferably 1-10 moles 
per mole of component (i). Component (iii) is used in an amount of 0.01 - 100 moles, preferably 0.1 - 10 moles, more 
preferably 1 - 5 moles per mole of component (i). Component (i) is used in an amount by transition-metal concentration 
(Me) of 0.01 - 500 millimoles. preferably 0.05 - 200 millimoles, more preferably 0.1 - 20 millimoles per 100 g of carrier 
(iv). The catalyst components used in the invention should have an atomic ratio of Al/Me 1 in the range of 0.1 - 2,000. 

45 preferably 15- 1,000. 

The term modified organoaluminum compound (It) is used herein to designate a reaction product of an organoalu- 
minum compound and water which has 1-100, preferably 1 - 50 AI-O-AI bonds in the molecule. This reaction is usually 
conducted in the presence of an inert hydrocarbon such as pentane, hexane, keptane, cyclohexane, methyl cyclohex- 
ane, benzene, toluene and xylene, of which aliphatic and aromatic hydrocarbons are preferred. The starting organoa- 
so luminum compound may be represented by the formula 

R n AIX 3 . n 

where R in an alkyl, alkenyl, aryl or aralkyl group having a carbon number of 1 - 24, preferably 1 - 12; X is a halogen 
55 atom; and n is an integer of 0<n<£3. 

The above compound is typically exemplified by trialky (aluminum having an alkyl group optionally such as methyl, 
ethyl, propyl, isopropyl. butyl, isobutyl, pentyl, hexyl, octyl. decyl and dodecyl groups, of which methyl group is particu- 
larly preferred. 
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The water/organoaluminum reaction takes place in a molar ratio of water :AI in the range of 0.25:1-1 .2/1 , preferably 
0.5:1-1/1 at a temperature of usually -70° - 100°C. preferably -20° - 20°C for a period of 5 - 24 hours, preferably 5-10 
hours. As water for reaction with the organoaluminum compound, there may be used crystal water contained in 
hydrates of copper sulfate or aluminum sulfate. 

The catalyst component (I) and the modified organoaluminum compound (II) may be supplied separately or as an 
admixture to the polymerization reaction system. In either case, they are used in a ratio such that the atomic ratio of 
aluminum in the organoaluminum compound (II) to transition metal in the catalyst component (I) remain in the range of 
1 - 100.000. preferably 5 - 1 .000. 

The term olefins as used herein designates alpha-olefins, cyclic olefins, dienes, trienes and styrene analogs. 
Alpha-olefins have a carbon number of 2 - 12. preferably 2 - 8 and typically include ethylene, propylene, butene-1, hex- 
ene-1 and 4-methylpentene-1. These olefins may be homopolymerized or copolymerized such as by alternating, ran- 
dom or block copolymerization process. 

The inventive process may be effectively applied where a diene compound such as butadiene. 1,4-hexadiene. 
ethylidene norbornene and dicyclopentadiene is used to reform the polymer product. In such a copolymerization reac- 
tion for example of ethylene and an alpha-olefin of 3 - 12 carbon atoms, it is deairable to hold an alpha-olefin content in 
the ethylene/alpha-olef in copolymer to 40 mole % or less, preferably 30 mole % or less, more preferably 20 mole % or 
less. 

The polymerization reaction according to the invention is conducted in a slurry, solution or gas phase in the pres- 
ence or absence of an inert hydrocarbon solvent such as an aliphatic hydrocarbon including hexane and heptane, an 
aromatic hydrocarbon including benzene, toluene and xylene, and an alicyclic hydrocarbon including cyclohexane, and 
methylcyclohexane, substantially without the presence of oxygen and water, at a temperature of 20° - 200°C. preferably 
50° - 100°C under a pressure of atmospheric -70 kg/cm^. preferably atmospheric -20 kg/crr^G. for a time length of 5 
minutes to 10 hours, preferably 5 minutes to 5 hours. 

Whilst the molecular weight of the polymer product obtained may be adjusted to some extent by varying the polym- 
erization temperature, the molar ratio off the catalyst and other polymerization parameters, it can be more effectively 
adjusted by introducing hydrogen into the reaction system. 

The inventive process can be advantageously used also in multi-stage polymerizations where hydrogen concentra- 
tion and reaction temperature vary. 

The invention will be further described by way of the following examples. 

Preparation of Modified Organoaluminum Compound (Methvlalumoxanel 

A 300-ml three-necked flask equipped with an electromagnetic stirrer was charged with 13 grams of copper sulfate 
heptahydrate and 50 ml of toluene. The admixture after being suspended was added at 0°C and over 2 hours with drop- 
lets of 150 ml of a 1 mmoi/ml triethylaluminum solution. The reaction was effected at 25°C for 24 hours. Filtration of the 
reaction mixture and subsequent evaporation of excess toluene gave 4 grams of methylalumoxane (MAO) in the form 
of a white crystal. 

Preparation of Catalyst Component A 

(1) Pretreatment of Carrier (iv) 

A 300 cc three-necked flask was charged with 1 00 ml refined toluene and 1 0 g Si0 2 (surface area 300 rrf/g. Grade 
No. 952 of Fuji Davison) which had been calcined at 460°C for 5 hours in nitrogen atmosphere, followed by addition of 
6 ml toluene solution of methylalmoxane (concentration 2.5 mmol/ml). The admixture was stirred at room temperature 
fa 2 hours and thereafter dried by nitrogen blow to yield a fluid particulate product. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 1 00 ml refined toluene. 50 ml tetrahydrof uran (THF) solution of ethyl- 
magnesium chloride (EtMgCI) (concentration 2 mols/l) and 2.2 g indene and cooled at -60°C. A separate flask was 
charged with 50 ml toluene. 4.2 g tetrapropoxyzirconium (Zr(OPr) 4 ) and 0.8 g indene. This solution was fed into the first 
flask and the whole mixture therein was stirred at -60°C for 1 hour, followed by heating with continued stirring up to 
20°C slowly over 2 hours. The reaction was continued at 45°C for 3 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

A 300 cc three-necked flask was charged with 10 g carrier prepared as above in nitrogen atmosphere and 30 ml 
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toluene solution of transition metal catalyst component prepared as above, followed by 15 ml refined toluene. The 
admixture was stirred at room temperature fa 2 hours, followed by removal of the solvent by nitrogen blow in vacuum 
thereby obtaining 1 1 g solid catalyst component A. 

Preparation of Catalyst Component B 

(1) Pretreatment of Carrier (iv) 

The same as for catalyst component A. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 100 ml refined toluene. 9.8 g triethylboron (ET 3 B) and 2.5 g 
cyclopentadiene and cooled at -60°C. A separate flask was charged with 4.2 g tetrapropoxyzirconium and 0.84 
cyclopentadiene. The rest of the procedure was the same as in the preparation of Component A. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

A 300 cc three-necked flask was charged with 10 g carrier prepared as above in nitrogen atmosphere and 35 ml 
toluene solution of transition metal catalyst component prepared as above, followed by addition of 1 5 ml refined toluene 
The admixture was stirred at room temperature for 2 hours, followed by removal of the solvent by nitrogen blow in vac- 
uum thereby obtaining solid catalyst component B. 

Preparation of Catalyst Componpnt C 

(1) Carrier (iv) 

10 g Si0 2 (surface area 300 rrfrg, Grade No. 952 of Fuji Davison) was used, which had been calcined at 600°C for 
5 hours. This carrier was not pretreated. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 100 ml refined toluene. 25 ml tetrahydrofuran solution of n-butylmag- 
nesium chloride (concentration 2 mols/l) and 1 .7 g cydopentadiene and stirred at room temperature for 30 minutes, fol- 
lowed by addition over 20 minutes of 4.2 g tetrapropoxyzirconium dissolved in 50 ml toluene The reaction was 
continued at 45°C for 3 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

A 300 cc three-necked flask was charged with 10 g carrier prepared as above in nitrogen atmosphere and 29 ml 
toluene solution of transition metal catalyst component prepared as above, followed by addition of 1 5 ml refined toluene. 
The admixture was stirred at room temperature for 2 hours, followed by removal of the solvent by nitrogen blow in vac- 
uum thereby obtaining solid catalyst component C. 

Preparation of Catalyst C omponent D 

(1) Pretreatment of Carrier (iv) 

A 400 ml stainless steel pot containing 25 pieces of half inch stainless steel balls was charged with 10 g magne- 
sium anhydrous chloride and 3.8 g triethoxyaluminum. The admixture was subjected to ball-milling in nitrogen atmos- 
phere at room temperature. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 100 ml refined toluene, 15.7 g of diethylzinc (Et 2 2n) and 5.9 g indene 
and stirred at room temperature for 30 minutes. 4.2 g tetrapropoxyzirconium dissolved in 50 ml toluene was added over 
20 minutes. The reaction was continued at 45°C for 3 hours. 
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(3) Preparation of Solid Catalyst Component [Components (D+(ii)+('»)+{iv)] 

A 300 cc three-necked flask was charged with 10 g carrier prepared as above in nitrogen atmosphere and 27 ml 
toluene solution of transition metal catalyst component prepared as above, followed by addition of 15 ml refined toluene. 
The admixture was stirred at room temperature for 2 hours, followed by removal of the solvent by nitrogen blow in vac- 
uum thereby obtaining solid catalyst component D. 

Preparation of Catalyst Component E 

(1) Pretreatment of Carrier (iv) 

10 g polyethylene powder dried at 60°C for 3 hours (MFR 1 .0 g/10 min, bulk density 0.41 g/cc. particle size 500 urn, 
melting point 121 °C) was added dispersively with 6 ml toluene solution of methylalmoxane (concentration 2.5 mmol/ml). 
The admixture was stirred at room temperature for 1 hour, followed by drying with nitrogen blow thereby obtaining a fluid 
particulate product. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(»)+(iii)] 

The procedure for the preparation of Catalyst Component A was followed except that 64 ml tetrahydrof uran solution 
of ethylmagnesium bromide (EtMgBr) (concentration 2 mols/l). 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(i»)+(iv)] 

A 300 cc three-necked flask was charged with 10 g carrier prepared as above in nitrogen atmosphere and 38 ml 
toluene solution of transition metal catalyst component prepared as above, followed by addition of 15 ml refined toluene. 
The admixture was stirred at room temperature for 2 hours, followed by removal of the solvent by nitrogen blow in vac- 
uum thereby obtaining solid catalyst component E. 

Preparation of Catalyst Component F 

(1) Pretreatment of Carrier (iv) 

The procedure for the preparation of Catalyst Component A was followed except that 10 g Al 2 0 3 (surface area 300 
m 2 /g and average particle size 60 jim) was used, which had been calcined at 400°C for 5 hours. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 1 00 ml refined toluene, 64 ml THF solution of ethylmagnesium chlo- 
ride (concentration 2 mols/l) and 4.0 g methylcyclopentadiene. The admixture was stirred at room temperature for 30 
minutes, followed by addition over 20 minutes of 4.9 g tetrabutoxyzirconium (Zr(OnBt) 4 ) dissolved in 50 ml toluene. The 
reaction was continued with stirring at 45°C for 3 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

The procedure for Catalyst Component A was followed except that the above solution of transition metal compo- 
nent was mixed with the carrier (iv) such that Zr deposits were 2.1 wt%. 

Preparation of C^lyst Qompon^nt G 

(1) Pretreatment of Carrier (iv) 

The procedure for the preparation of Catalyst Component A was followed except that 15 ml n-hexane solution of 
trimethylaluminum (AIMe 3 ) (concentration 1 mmol/ml) was used. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 1 00 ml refined toluene. 64 ml THF solution of ethylmagnesium chlo- 
ride (2 mols/I) and 3.4 cyclopentadiene. The admixture was stirred at room temperature for 30 minutes, followed by 
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addition over 20 minutes of 3.9 g tripropaxychlorozirconium (Zr(OPr) 3 CI) dissolved in 50 mJ toluene. The reaction was 
continued with stirring at 45°C for 3 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

The procedure for Catalyst Component A was followed except that the above solution of transition metal compo- 
nent was mixed with the carrier (iv) such that the amount of Zr deposits was 2 wt%. 

Preparation Qf Catalyst Component h 

(1) Pretreatment of Carrier (iv) 

The same as for Catalyst Component A. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 100 ml refined toluene, 26 ml THF solution of ethylmagnesium chlo- 
ride (concentration 2 mol/l) and 6.6 g bisindenylethane. The admixture was stirred at room temperature for 30 minutes, 
followed by addition over 20 minutes of 3.5 g tetraethoxyzirconium (2r(OEt) 4 ) dissolved in 50 ml toluene. The reaction 
was continued with stirring at 45°C for 3 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(»)+(Hi)+(iv)] 

The procedure for Catalyst Component A was followed except that the above solution of transition metal compo- 
nent was mixed with the above carrier (iv) such that Zr deposits were 1 .9 wt%. 

Preparation of Catalyst Component I 

(1) Pretreatment of Carrier (iv) 

The same as for Catalyst Component A. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

The procedure for Catalyst Component H was followed except that 4.8 g biscyclopentadienyldimethyl silane was 
used. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

The procedure for Catalyst Component A was followed except that the above solution of transition metal compo- 
nent was mixed with the above carrier (iv) such that Zr deposits were 1 .9 wt%. 

Preparation of Catalyst Component J - P 

(1) Pretreatment of Carrier (iv) 

The same as for Catalyst Component A. 

(2) Preparation of Transition Metal Catalyst Component [Component (i)+(ii)+(iii)] 

The transition metal catalyst components prepared are shown and identified in Table 1 . 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

The procedure for Catalyst Component A was followed to obtain Catalyst Components J - P having respective 
metal deposits as shown in Table 1. 
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Preparation of Catalyst Component A' 

(1) Pretreatment of Carrier (iv) 

A 300 cc three-necked flask was charged with 100 ml refined toluene and 10 g Si0 2 (surface area 300 rrr^/g, Grade 
No. 952 of Fuji Davison) which had been calcined at 460°C for 5 hours in nitrogen atmosphere, followed by addition of 
6 ml toluene solution of methylalumoxane (concentration 2.5 mmol/mi). The admixture was stirred at room temperature 
for 2 hours and thereafter dried by nitrogen blow to yield a fluid particulate product. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(»)+(>»)] 

A 300 cc three-necked flask was charged with 100 ml refined toluene, 5.84 g triethylaluminum (A\£t 3 ) and 2.2 g 
indene and cooled at -60°C. A separate flask was charged with 50 ml toluene, 4.2 g tetrapropaxyzirconium (Zr(OPr) 4 ) 
and 0.8 g indene. This solution was fed into the first flask, and the whole mixture therein was stirred at -60°C for 1 hour, 
followed by heating with continued stirring up to 20°C slowly over 2 hours. The reaction was continued at 45°C for 3 
hours until there was obtained a black solution containing 0.075 mmol/ml Zr. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 

A 300 cc three-necked flask was charged with 10 g carrier prepared as above in nitrogen atmosphere and 30 ml 
toluene solution of transition metal catalyst component prepared as above, followed by addition of 15 ml refined toluene. 
The admixture was stirred at room temperature for 2 hours, followed by removal of the solvent by nitrogen blow in vac- 
uum thereby obtaining 1 1 g solid catalyst component A'. 

Preparation of Catalyst Component B' 

(1) Pretreatment of Carrier (iv) 

The same as for catalyst component A 1 . 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 100 ml refined toluene, 5.84 g triethylaluminum (AIEt 3 ) and 0.60 g 
cyclopentadiene and cooled at -60°C. A separate flask was charged with 50 ml toluene. 4.2 g tetrapropoxyzirconium 
and 0.24 g cyclopentadiene. The rest of the procedure was the same as in the preparation of Component A'. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+( i »)+(>v)] 
The same as for Catalyst Component A*. 

Preparation of Catalyst Component C 

(1) Carrier (iv) 

The same Si0 2 as in Catalyst Component A*was used. This carrier was not pretreated. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+('i)+(»Q] 

A 300 cc three-necked flask was charged with 100 ml refined toluene, 13.3 g AIEt 2 (OEt) and 2.4 g cyclopentadiene 
and cooled at -60°C. A separate flask was charged with 50 ml toluene, 4.2 g Zr(OPr) 4 and 1 .0 g cydopendadiene. The 
rest of the procedure was the same as in the preparation of Component A*. 

(3) Preparation of Solid Catalyst Component [Components (i)+(N)+(iii)+(iv)] 
The same as for Catalyst Component A'. 
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Preparation of Catalyst Component P' 

(1) Pretreatment of Carrier (iv) 

5 In place of silica, there was used alumina Al 2 0 3 (surface area 300 m 2 /g and average particle size 60 \im) which 
was pretreated as per Catalyst Component A'. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(iD+("i)] 

w A 300 cc three-necked flask was charged with 100 ml refined toluene, 5.84 g triethylaluminum and 2.53 g methyl- 
cyclopentadiene and cooled at -60°C. A separate flask was charged with 50 ml toluene, 4.93 g Zr(OBu) 4 and 1 g meth- 
ylcyclopentadiene. The rest of the procedure was the same as in the preparation of Component A'. 
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(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+{i»)+(iv)] 

The same as for Catalyst Component A'. 

Preparation of Catalyst Component E* 

20 (1) Pretreatment of Carrier (iv) 

A 400 ml stainless steel pot containing 25 pieces of half inch stainless steel balls was charge with 10 g magnesium 
anhydrous chloride and 3.8 g triethoxyaluminum. The admixture was subjected to ball-milling in nitrogen atmosphere at 
room temperature. 10 g milled product was used as the carrier. 

25 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 
The same as for Catalyst Component A*. 
ao (3) Preparation of Solid Catalyst Component [Components (i)+(")+(iii)+(iv)] 
The same as for Catalyst Component A'. 
Preparation of Catalyst Component F 

35 

(1) Pretreatment of Carrier (iv) 

A 300 ml three-necked flask was charged with 100 ml refined toluene, 10 g polyethylene powder (MFR 1 .0/10 min, 
density 0.9210 g/cm 3 , bulk density 0.41 g/cc, particle size 500 \irr\ and melting point 121°C) and 6 ml toluene solution 
40 of methylaluminoxane which was uniformly dispersed over the polyethylene powder in nitrogen atmosphere. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

A 300 cc three-necked flask was charged with 100 ml refined toluene, 5.8 g triethylaluminum, 3g indene and 4.2 g 
45 2r(OPr) 4 in nitrogen atmosphere at room temperature. The admixture was stirred at 45°C for 2 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(")+(iii)+(iv)] 
The same as for Catalyst Component A'. 

50 

Preparation of Catalyst Component G* 
(1) Pretreatment of Carrier (iv) 

55 The procedure for the preparation of Catalyst Component A' was followed except that silica • alumina (surface area 
300 rrf/g, pore volume 0.7 cc/g and average particle size 50 \im) was used in place of silica. 
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(2) Preparation of Transition Metal Catalyst Component [Components OM'O+OiO] 

A 300 cc three-necked flask was charged with 150 ml refined toluene, 15.4 g AIEt 2 CI, 4.2 g 2r(OPr) 4 andi3.4 g 
cyclopentadiene in nitrogen atmosphere at room temperature. The admixture was stirred at 45°C for 2 hours. 

(3) Preparation of Solid Catalyst Component [Components 0>0D+(»')+("rv)] 
The same as for Catalyst Component A*. 

Preparation of Catalyst Component H' 

(1) Pretreatment of Carrier (iv) 

The same as for Catalyst Component A'. 

(2) Preparation of Transition Metal Catalyst Component [Components G)+(ii)+GiQ] 

A 300 cc three-necked flask was charged with 50 ml refined toluene, 5.84 g triethyialuminum, 4.85 g biscyclopen- 
tadienyldimethytsilane, and 3.5 g 2r(OEt) 4 in nitrogen atmosphere at room temperature. The admixture was stirred at 
45°C for 2 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+("')+(rv)] 
The same as for Catalyst Component A\ 

Preparation Q f Catalyst CQmpc-nent r 

(1) Pretreatment of Carrier (iv) 

The same as for Catalyst Component A'. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+( ji )+(»0] 

A 300 cc three-necked flask was charged with 150 ml refined toluene, 5.84 g triethyialuminum, 3.7 g biscyclopen- 
tadieny I methane and 4.2 g Zr(OPr) 4 in nitrogen atmosphere at room temperature. The admixture was stirred at 45° C 
for 2 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+('»)+G v )] 
The same as for Catalyst Component A*. 

Preparation of Catalyst Component J' 

(1) Pretreatment of Carrier (iv) 

The procedure for Catalyst Component A' was followed except that 15 ml toluene solution of trimethylaluminum 
(concentration 1 mmoi/ml) was used in place of methylalmoxane. 

(2) Preparation of Transition Metal Catalyst Component [Component (i)+(ii)+(m)] 

A 300 cc three necked flask was charged with 150 mi refined toluene, 11.7 g triethyialuminum. 13.4 g bisinde- 
nylethane and 3.9 g Zr(OPr) 4 CI in nitrogen atmosphere at room temperature. The admixture was stirred at 45°C for 2 
hours. 

(3) Preparation of Solid Catalyst Component [Components (j)+(ii)+(iii)+(iv)] 
The procedure for Catalyst Component A' was followed. 



15 



EP 0 546 690 B1 

Preparation of Catalyst Component K 

(1) Pretreatment of Carrier (iv) 

The same as for catalyst component A'. 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

3 g zirconium tetrachloride was admixed with an ether solution of magnesium benzylchloride and let alone at -20°C 
for 2 hours, followed by stirring at room temperature for 2 hours. Byproduced MgCI 2 was removed, and the ether solu- 
tion was concentrated and cooled to -20°C until there was obtained a crystalline product (ZrBz^ having a melting point 
of 112.8°C. 

A 300 cc three-necked flask was charged with 150 ml refined toluene. 14.6 g triethylaiuminum. 2.54 g cyclopenta- 
diene and 5.8 g ZrBz 4 . The admixture was stirred at 45°C for 2 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(H)+(i'>)+(iv)] 
The same as for Catalyst Component A'. 

Preparation of Catalyst Component L 

(1) Pretreatment of Carrier (iv) 

The same as for catalyst component A\ 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

The procedure for Catalyst Component K* was followed except that titanium tetrachloride was used in place of zir- 
conium tetrachloride to produce TiBz 4 . 

A 300 cc three-necked flask was charged with 150 ml refined toluene. 14.6 g triethylaiuminum, 5.2 g pentamethyl- 
cyclopentadiene and 5.3 g TiBz 4 in nitrogen atmosphere. The admixture was stirred at 45°C for 2 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 
The same as for Catalyst Component A'. 

Preparation pf tat^YSt Component M' 

(1) Pretreatment of Carrier (iv) 

The same as for catalyst component A\ 

(2) Preparation of Transition Metal Catalyst Component [Components (i)+(ii)+(iii)] 

The procedure for Catalyst Component K' was followed except that hafnium tetrachloride was used in place of 
ZrBz 4 to produce HfBz 4 . 

A 300 cc three-necked flask was charged with 150 ml refined toluene. 14.6 g triethylaiuminum, 2.54 g cyclopenta- 
diene and 5.8 g ZrBz 4 . The admixture was stirred at 45°C for 2 hours. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 
The same as for Catalyst Component A'. 

Preparation of Catalyst Component N' 
(1) Pretreatment of Carrier (iv) 

The procedure for Catalyst Component A' was followed except that 15 ml hexane solution of Zr(OPr) 4 (concentra- 
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tion 1 mmol/ml) was used in place of methylalmoxane. 

(2) Preparation of Solid Catalyst Component [Components (iW'0+(«»)+(iv)] 

A 300 cc three-necked flask was charged with 10 g carrier prepared as above, 100 ml refined n-hexane 0 84 g tri- 
ethylaluminum and 0.12 g cyclopentadiene. The admixture was stirred at room temperature for 2 hours, followed by 
addition of 0.5 g Zr(OEt) 4 , and thereafter stirred at 45°C for 2 hours in nitrogen atmosphere. The solvent was removed 
by nitrogen blow in vacuum. 

Preparation of Catalyst Co mponent Q' 

(1) Pretreatment of Carrier (iv) 

The procedure for Catalyst Component A' was followed except that 10 g Mg(C0 3 ) 2 powder dried at 150°C for 2 
hours was used in place of silica. 

(2) Preparation of Transition Metal Catalyst 
The same as for Catalyst Component A'. 

(3) Preparation of Solid Catalyst Component [Components (i)+(ii)+(iii)+(iv)] 
The same as for Catalyst Component A'. 

Inventive Example 1 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and thereafter supplied with 200 
g of dry salt, 22 ml of 1 mmol/ml methylalmoxane solution and 100 mg of Catalyst Component A. The admixture was 
heated at 60°C with stirring. A mix of ethylene and butene-1 gases (butene-1 /ethylene molar ratio 0.25) was charged to 
bring the reactor pressure up to 9 kgf/cm 2 G, whereupon polymerization reaction was initiated and continued for 1 hour 
with continued charge of a mixed gas of ethylene and butene-1 (butene-1/ethylene molar ratio 0.05) to maintain the 
reaction system at 9 kgfr/crr^G. 

Upon completion of the reaction, excess gas was removed from the reactor which was then cooled to yield 66 
grams of a white polymer. 

Inventive Examples 2-16 

The procedure of Inventive Example 1 was followed for the polymerization under the conditions shown in Table 1 
and with the results shown in Table 2. 

Inventive Example 17 

The procedure of Inventive Example 1 was followed for homopolymerization of ethylene under the conditions indi- 
cated in Table 1 and with the results shown in Table 2, except that an ethylene gas was used for pressure control in 
place of a mixed gas of ethylene and butene-1 . 

Inventive Example 18 

The procedure of Inventive Example 1 was followed except that propylene gas was used in the homopolymerization 
of propylene and that the reaction temperature and pressure were 50°C and 7 kgf/cm 2 G, respectively. 

Comparative Example 1 - 3 

The procedure of Inventive Example 1 was followed under the conditions shown in Table 1 and with the results in 
Table 2. 
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Inventive Example 19 

A 3-liter stainless steel autoclave equipped with stirrer was purged with nitrogen and thereafter supplied with 200 
g of dry salt, 22 ml of 1 mmol/ml methylalmoxane solution and 100 mg of Catalyst Component A'. The admixture was 
heated at 60 6 C with stirring. A mix of ethylene and butene-1 gases (butene-1 /ethylene molar ratio 0.25) was charged to 
bring the reactor pressure up to 9 kgf/cn^G. whereupon polymerization reaction was initiated and continued for 1 hour 
with continued charge of a mixed gas of ethylene and butene-1 (butene-1 /ethylene molar ratio 0 05) to maintain the 
reaction system at 9 kgfr/crr^G. 

Upon completion of the reaction, excess gas was removed from the reactor which was then cooled to yield 76 
grams of a white polymer. 

Table 2 shows the polymerization results and the properties of resultant polymers (Inventive Examples 1 - 18 and 
Comparative Examples 1-3). 

Inventive Examples 20 - 35 

The procedure of Inventive Example 19 was followed that Catalyst Components B* - O' were used in place of Cat- 
alyst Component A' as indicated in Table 3. 

Comparative Examples 4 - 6 

The procedure of Inventive Example 19 was followed except that Catalyst Components T, U and V were used in 
place of Catalyst Component A'. 

Table 4 shows the polymerization results and the properties of resultant polymers (Inventive Examples 19 - 35 and 
Comparative Examples 4 - 6). 

Each of the polymers obtained in the respective Inventive and Comparative Examples was subjected to the follow- 
ing tests. 

Me>t Index (Ml) 

The procedure of ASTM D1238-57T was followed. 

Density (D) 

The procedure of ASTM D1 505-68 was followed. 
Melting Point bv Calorimetrv (DSC) 

5 mg of the polymer sample was disposed at 180°C for 3 minutes, cooled to 0°C over 10°C/min and allowed to 
stand at 0°C for 10 minutes, followed by heating with a temperature rise of 10°C/min with use of a melting point tester 
(Seiko Electronics DSC-20). 
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Table 2 





yield g 


catalytic activity 
g/gMe 


MFRg/10min 


bulk density g/cc 


polymer density 
g/cm 3 j 


melting point °C 


IE1 


66 


35.000 


0.8 


0.39 


0.9210 


114.0 


2 


102 


51.000 


4.8 


0.40 


0.9215 


104.7 


3 


82 


46.000 


5.1 


0.38 


0.9220 


106.8 


4 


62 


37.000 


0.6 


0.35 


0.9119 


113.0 


5 


74 


39.000 


0.4 


0.33 


0.9117 


112.8 


6 


90 


43.000 


2.1 


0.41 


0.9213 


104.1 


7 


97 


57.000 


3.8 


0.37 


0.9225 


106.3 


8 


90 


50.000 


1.1 


0.42 


0.9218 


108.7 


9 


74 


39.000 


3.9 


0.38 


0.9119 


103.8 


10 


52 


29.000 


2.5 


0.39 


0.9220 


103.1 


11 


53 


23.000 


3.7 


0.36 


0.9208 


104.1 


12 


59 


31.000 


8.4 


0.35 


0.9116 
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Table 4 



5 




yield g 


catalytic activity 
g/gMe 


MFRg/10 min 


bulk density g/cc 


polymer density 
g/cm3 


melting point °C 




IE 19 


76 


38.000 


0.9 


0.38 


0.9221 


114.1 




20 


98 


49.000 


3.8 


0.40 


0.9215 


104.5 


10 


21 


57 


32.000 


4.3 


0.41 


0.9228 


105.1 


22 


73 


43.000 


2.8 


0.39 


0.9233 


106.3 




23 


67 


37.000 


0.7 


0.30 


0.9218 


113.8 




24 
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40.000 
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0.9233 


114.5 


15 


25 


86 


51.000 
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0.9235 


106.5 
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0.9229 


105.3 




27 
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104.8 
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28 


95 
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29 


73 


43.000 


6.2 
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0.9217 


105.1 




30 
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35,000 


1.1 


0.35 


0.9234 


98.0 
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29.000 
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0.9510 
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Claims 



1. A process for the manufacture of polyolefins which comprises polymerizing an olefinic hydrocarbon selected from 
the group consisting of alpha-olefins. cyclic olefins, dienes, trienes and styrene analogs in the presence of a cata- 
lyst composition, said catalyst composition comprising a first component (I) and a second component (II), 
said first component (I) resulting from the reaction of 
a compound (i) of the formula 

Me 1 Rjx 4 ! n 

wherein R 1 is an alkyi. alkoxy, aryloxy or aralkyloxy group of 1 - 24 carbon atoms. X 1 is a halogen atom. Me 1 is a 
metal of the group of zirconium, titanium and hafnium, and n is an integer of 0 s n £ 4. in an amount by transition 
so metal concentration of 0.01-500 milimoles per 1 0Og of a carrier (iv) defined hereinafter; 
a compound (ii) of the formula 

Me 2 R£Xz! m 

55 wherein R 2 is a hydrocarbon group of 1 - 24 carbon atoms, X 2 is an alkoxy group of 1 - 12 carbon atoms or a hal- 
ogen atom, Me 2 is an element of Groups l-lll in the Periodic Table, z is the valence of Me 2 , and m is an integer of 
0 < m £ Z. in an amount of 0.01 -1 00 moles per mole of said compound (i); 

an organocyclic compound (iii) in an amount of 0.01-10 moles per mole of said compound (i). said organo- 
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cyclic compound being selected from the group consisting of cyclic hydrocarbons having 2 or more conjugated dou- 
ble bonds in the molecule and a carbon number of 4-24; a compound of the formula 

(CtfrSiRlX^-s 

wherein Cp is a cyclopentadienyl group. R 3 is a hydrocarbon group of 1-24 carbon atoms. X 3 is a halogen atom, 
and r and s are 0<r*4 and 0<&<3 respectively, and a compound of the formula 

(lnd) t SiR2x^ 

wherein Ind is an indenyl group. R 4 is a hydrocarbon group of 1 -24 carbon atoms. X 4 is a halogen atom; and t and 
u are 0<t£4 and 0£u£3 respectively; and 

an inorganic carrier and/or particulate polymer carrier (iv); 

said second component (II) being a modified organoaluminum compound having AI-O-AI bonds derived 
from the reaction of an organoaluminum compound and water. 

2. A process as claimed in Claim 1 characterised in that said compound (ii) is an organoaluminum conpound of the 
formulae 

R 3 AI, R 2 AIX. RAIX 2 . RAI(OR)Xand R 3 AI 2 X 3 
wherein R is a hydrocarbon group having 1-24 carbon atoms and X is a halogen atom. 

3. A process as claimed in Claim 1 or Claim 2 characterised in that said inorganic carrier (iv) is formed of a porous 
inorganic compound of the group consisting of a carbonaceous material, metal, metal oxide, metal chloride, metal 
carbonate and mixtures thereof, said inorganic carrier having a maximum length of 5-200 ^m, a surface area of 5- 
1 ,000 m 2 /g and a pore volume of 0.05-3 cm 3 /g. 

4. A process as defined in Claim 1 or Claim 2 characterised in that said particulate polymer carrier (iv) is formed of a 
thermoplastic or thermosetting resin having an average particle size of 5-2,000 fim. 

5. A process as claimed in Claim 1 or Claim 2 characterised in that said carrier (iv) is treated with a compound of the 
group consisting of an active hydrogen-containing compound such as alcohol and aldehydes, an electron-donative 
compound such as ester and ether and an alkoxide-containing compound such as tetraalkoxysilicate. trialkoxyalu- 
minum and transition-metal tetraalkoxide. 

6. A catalyst component for use in the manufacture of polyolef ins which is derived from the reaction of 

a compound (i) of the formula 

Me 1 Rn X^ n 

wherein R 1 is an alkyl. alkoxy, aryloxy or aralkyloxy group of 1-24 carbon atoms. X 1 is a halogen atom; Me 1 is a 
metal of the group of zirconium, titanium and hafnium, and n is an integer of 0^4. in an amount by transition 
metal concentration of 0.01-500 milimoles per 100g of a carrier (ii) defined hereinafter; 
a compound (ii) of the formula 

Me 2 Rm X z ? m 

wherein R 2 is a hydrocarbon group of 1 -24 carbon atoms, X 2 is an alkoxy group of 1 -1 2 carbon atoms or a halogen 
atom; Me 2 is an element of Groups l-lll in the Periodic Table, z is the valence of Me 2 , and m is an integer of 0<m^3, 
in an amount of 0.01-1 000 moles per mole of said compound (i); 

an organocyclic compound (iii) in an amount of 0.01-100 moles per mole of said compound (i), said organo- 
cyclic compound (iii) being selected from the group consisting of cyclic hydrocarbon compounds having two or 
more conjugated double bond and a carbon number of 4-24 in the molecule; a compound of the formula 

(Cp) r SiRi X 4 3 . 6 

wherein Cp is a cyclopentadienyl group, R 3 is a hydrocarbon group of 1-24 carbon atoms, X 3 is a halogen atom, 
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and r and s are 0<r*4 and 0ss^3 respectively; and a compound of the formula 

(lnd) t SiRjX4.t<j 

wherein Ind is an indenyl group, R 4 is a hydrocarbon group of 1-24 carbon atoms. X 4 is a halogen atom, and t and 
u are 0<t^4 and 0^u^3 respectively; and 

an inorganic carrier and/or particulate polymer carrier (iv). 

Patentanspruche 

1 . Verfahren zur Herstellung von Polyolef inen, das das Polymerisieren eines olef inischen Kohlenwasserstoffs. ausge- 
wahrt aus der Gruppe, die aus alpha-Olefinen, cyclischen Olefinen, Dienen. Trienen und Styrolanalogen besteht. 
in Anwesenheit einer Katalysatorzusammensetzung umfaBt. wobei die Katalysatorzusammensetzung einen ersteri 
Bestandteil (I) und einen zweiten Bestandteil (II) umfaBt, 

wobei der erste Bestandteil (I) erhalten wird aus der Umsetzung 

einer Verbindung (i) der Formel 

Me 1 R 1 nXV n 

wobei R 1 eine Aikyl-, Alkoxy-, Aryloxy- oder Aralkyloxygruppe von 1-24 Kbhlenstoffatomen ist, X 1 ein Halogenatom 
ist, Me ein Metall aus der Gruppe von Zirconium, Titan und Hafnium ist und n eine ganze Zahl von 0<tt£4 ist, in 
einer Menge entsprechend einer Konzentration des Ubergangsmetalls von 0,01-500 Millimol pro 100 g eines nach- 
stehend def inierten Tragers (iv) ; 

einer Verbindung (ii) der Formel Me 2 R 2 m X 2 2 . m wobei R 2 eine Kohlenwasserstoffgruppe von 1-24 Kohlen- 
stoffatomen ist, X 2 eine Alkoxygruppe von 1-12 Kohlenstoffatomen oder ein Halogenatom ist. Me 2 ein Element der 
Gruppen Mil im Periodensystem ist, z die Wertigkeit von Me 2 ist und m eine ganze Zahl von 0<m<2 ist in einer 
Menge von 0,01-100 Mol pro Mol der Verbindung (i); 

einer cycloorganischen Verbindung (iii) in einer Menge von 0,01-10 Mol pro Mol der Verbindung (i), wobei 
die cycloorganische Verbindung aus der Gruppe ausgewdhrt ist. die aus cyclischen Kohlenwasserstoffen mit 2 oder 
mehr konjugierten Doppelbindungen im Molekul und einer Kbhlenstoffanzahl von 4-24 besteht; einer Verbindung 
der Formel 

(Cp) r SiR 3 6 XV, 8 

wobei Cp eine Cyclopentadienylgruppe ist, R 3 eine Kohlenwasserstoffgruppe von 1-24 Kohlenstoffatomen ist, X 3 
ein Halogenatom ist und r und s 0<rs4 bzw 0ss£3 sind, und einer Verbindung der Formel 

(Ind^SiRWu 

wobei Ind eine Indenylgruppe ist, R 4 eine Kohlenwasserstoffgruppe von 1-24 Kohlenstoffatomen ist. X 4 ein Halo- 
genatom ist; und t und u 0<t£4 bzw. 0£u£3 sind; und 

eines anorganischen Tragers und/oder teilchenfdrmigen poiymeren Tragers (iv); 

wobei der zweite Bestandteil (II) eine modifizierte aluminiumorganische Verbindung mit AI-O-AI-Bindungen 
ist. die aus der Umsetzung einer aluminiumorganischen Verbindung und Wasser erhalten wird. 

2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dafl die Verbindung (ii) eine aluminiumorganische Verbin- 
dung der Formeln 

R 3 AI, R 2 AIX, RAIX 2 , RAI(OR)X und R 3 AI 2 X 3 
ist, wobei R eine Kohlenwasserstoffgruppe mit 1-24 Kohlenstoffatomen ist und X ein Halogenatom ist. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, dadurch gekennzeichnet. da3 der anorganische Trager (iv) aus einer 
porOsen anorganischen Verbindung der Gruppe, die aus einem kohlenstoffhaltigen Material. Metall, Metalloxid, 
Metailchlorid, Metallcarbonat und Gemischen davon besteht. erzeugt wird. wobei der anorganische Trager eine 
maximale Unge von 5-200 jim, eine Oberfiache von 5-1000 ntVg und ein Porenvolumen von 0.05-3 cm 3 /g auf- 
weist. 
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4. Verfahren nach Anspruch 1 Oder Anspruch 2, dadurch gekennzeichnet da8 der teilchenformige polymere TrSger 
(rv) aus einem thermoplastischen Oder warmehfirtbaren Harz mrt einer mlttleren TeilchengroBe von 5-2000 fim 
erzeugt wird. 

5. Verfahren nach Anspruch 1 Oder Anspruch 2, dadurch gekennzeichnet, daB der Trager (iv) mit einer Verbindung 
aus der Gruppe. die aus einer aktiven Wasserstoff enthaltenden Verbindung, wie z.B. Alkohol und Aldehyde, einer 
Elektronen abgebenden Verbindung, wie z.B. Ester und Ether, und einer Alkoxid enthaltenden Verbindung, wie z.B. 
Tetraalkoxysilicat Trialkoxyaluminium und Ubergangsmetalltetraalkoxid. besteht behandelt wird. 

6. Katalysatorbestandteil zur Verwendung bei der Herstellung von Polyolef inen, der erhaften wird aus der Umsetzung 

einer Verbindung (i) der Formel 

Me'R^Vn 

wobei R 1 eine Alkyl-, Alkoxy-. Aryloxy- Oder Aralkyloxygruppe von 1-24 Kohlenstoffatomen ist. X 1 ein Halogenatom 
ist; Me 1 ein Metali aus der Gruppe von Zirconium, Titan und Hafnium ist, und n eine ganze Zahl von 0£n£4 ist in 
einer Menge errtsprechend einer Konzentration des Ubergangsmetalls von 0.01 -500 Millimol pro 100 g eines nach- 
stehend definierten TrSgers (iv); 

einer Verbindung (ii) der Formel 

Me 2 R 2 m x2 2 . m 

wobei R 2 eine Kohlenwasserstoff gruppe von 1-24 Kohlenstoffatomen ist. X 2 eine Alkoxygruppe von 1-12 Kohlen- 
stoffatomen oder ein Halogenatom ist, Me 2 ein Element der Gruppen l-lll im Periodensystem ist, z die Wertigkett 
von Me 2 ist und m eine ganze Zahl von 0<m£3 ist, in einer Menge von 0,01-1000 Mol pro Mol der Verbindung (i); 

einer cycloorganischen Verbindung (iii) in einer Menge von 0.01-100 Mol pro Mol der Verbindung (i), wobei 
die cycloorganische Verbindung (iii) aus der Gruppe ausgewahlt ist, die aus cyclischen Kohlenwasserstoffverbin- 
dungen mrt 2 oder mehr konjugierten Doppelbindungen und einer Kohienstoffanzahl von 4-24 im Molekul besteht; 
einer Verbindung der Formel 

(Cp) r SiR 3 8 X 3 4.,3 

wobei Cp eine Cyclopentadienytgruppe ist, R 3 eine Kohlenwasserstoffgruppe von 1-24 Kohlenstoffatomen ist. X 3 
ein Halogenatom ist und r und s 0<r*4 bzw. 0£S£3 sind; und einer Verbindung der Formel 

(lnd) t SiR 4 u xVt-u 

wobei Ind eine Indenylgruppe ist, R 4 eine Kohlenwasserstoffgruppe von 1-24 Kohlenstoffatomen ist. X 4 ein Halo- 
genatom ist. und t und u 0<t£4 bzw. 0£us3 sind; und 

eines anorganischen Tragers und/oder teilchenfOrmigen polymeren Tragers (iv). 

Revendlcatlons 

1. Proc6d6 pour la fabrication de polyo!6fines, qui consiste & polym6riser un hydrocarbure o!6finique choisi dans le 
groupe constitu6 par les alpha-o!6f ines, les ol§fines cydiques, les dtenes, les trtenes et les analogues du styrfcne, 
en presence d'une composition catalytique, ladite composition catalytique comprenant un premier constituant (I) et 
un second constituant (II). 

ledrt premier constituant (I) resultant de la reaction 
d'un compost (i) de formule 

Me 1 R 1 „xV n 

dans laquelle R 1 est un groupe alkyle, alcoxy, aryloxy ou aralkyloxy de 1 k 24 atomes de carbone. X 1 est un atome 
d'halog&ne, Me 1 est un m6tal du groupe du zirconium, du titane etdu hafnium, et n est un nombre entier de 0sn^4, 
en une proportion, en concentration en m6tal de transition, de 0,01 k 500 mmoles pour 100 g d'un support (iv) 
d6fini ci-apr6s; 

d'un compost (ii) de formule 
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Me 2 R 2 m X 2 2 . m 

dans laquelle R 2 est un groupe hydrocarbons de 1 a 24 atomes de carbone, X 2 est un groupe alcoxy de 1 a 12 
atomes de carbone ou un atome d'halogene, Me 2 est un element des groupes I a III du tableau periodique, z est 
la valence de Me 2 , et m est un nombre entier de 0<m£Z, en une proportion de 0,01 a 100 moles par mole dudit 
compose (i); 

d'un compose organocyclique (iii). en une proportion de 0,01 a 10 moles par mole dudit compose (i), ledit 
compose organocyclique 6tant choisi dans le groupe constitue par les hydrocarbures cycliques ayant 2 doubles 
liaisons conjuguees ou plus dans la molecule et un nombre de carbones de 4 a 24; un compose de formule 

(CpJrSiR^X 3 ^ 

dans laquelle Cp est un groupe cyclopentadiSnyle, R 3 est un groupe hydrocarbone de 1 a 24 atomes de carbone, 
X 3 est un atome d'halogene et r et s sont 0<r*4 et 0ss*3 respectivement. et un compose de formule 

(IncOtSiR^XVt-u 

dans laquelle Ind est un groupe indenyle, R 4 est un groupe hydrocarbons de 1 a 24 atomes de carbone, X 4 est un 
atome d'halogene; et t et u sont 0<t£4 et 0*u£3 respectivement; et 

d'un support inorganique et/ou support polymere particuiaire (iv); 

ledit second constituant (II) 6tant un compose organoaluminique modrfie ayant des liaisons AI-O-AI prove- 
nant de la reaction d'un compose organoaluminique et d'eau. 

ProcSde selon la revendication 1, caracterise en ce que ledit compose (ii) est un compose organoaluminique des 
formules 

R 3 AI, R 2 AIX, RAIX 2 . RAI(OR)X et R 3 AI 2 X 3 

dans desquelles R est un groupe hydrocarbone ayant 1 a 24 atomes de carbone et X est un atome d'halogene. 

Proc6de selon la revendication 1 ou la revendication 2, caracterise en ce que ledit support inorganique (iv) est 
forme d'un compose inorganique poreux du groupe constitue par une mattere carbonSe, un m6tal. un oxyde de 
m6tal. un chlorure de metal, un carbonate de mStal et des melanges de ceux-ci, ledit support inorganique ayant 
une longueur maximale de 5 a 200 \im, une surface spec'rfique de 5 a 1000 rrfrg et un volume de pore de 0,05 a 3 
cm 3 /g. 

ProcSde selon la revendication 1 ou la revendication 2, caracterise en ce que ledit support polymere particuiaire 
(iv) est forme d'une r6sine thermoplastique ou thermodurcissable ayant une taille moyenne de partcule de 5 a 
2000 *im. 

Proc6de selon la revendication 1 ou la revendication 2, caracterise en ce que ledit support (iv) est traite avec un 
compose du groupe constitue par un compose contenant de I'hydrogene actif tel qu'un alcool et les aldehydes, un 
compose donneur d'electron tel qu'un ester et un ether, et un compose contenant des groupes alcoxydes tels qu'un 
silicate de t6traalcoxy, un trialcoxyaluminium et un tetraalcoxyde de metal de transition. 

Constituant catalytique pour ['utilisation dans la fabrication de polyotefines. qui provient de la reaction 
d'un compose (i) de formule 

Me 1 R 1 nX 1 4 . n 

dans laquelle R 1 est un groupe alkyle. alcoxy, aryloxy ou aralkyloxy de 1 a 24 atomes de carbone. X 1 est un atome 
d'halogene, Me 1 est un metal du groupe du zirconium, du titane et du hafnium, et n est un nombre entier de 0sns4, 
en une proportion, en concentration en metal de transition, de 0,01 a 500 mmoles pour 100 g d'un support (iv) 
defini ci-apres; 

d'un compose (ii) de formule 

Me 2 R 2 m x2 2 . m 
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dans laqueile R 2 est un groupe hydrocarbon^ de 1 & 24 atomes de carfoone, X 2 est un groupe alcoxy de 1 d 12 
atomes de carbone ou un atome d'halogfcne; Me 2 est un 6l6ment des groupes I & III du tableau p6riodique, z est 
la valence de Me 2 , et m est un nombre entier de 0<m£3, en une proportion de 0,01 & 1000 moles par mole dudit 
compos6 (i); 

d'un compost organocyclique (iiQ, en une proportion de 0.01 & 100 moles par mole dudit compost (i). ledrt 
compost organocyclique (iii) 6tant choisi dans le groupe constitu6 par les compos6s hydrocarbon6s cycliques 
ayant 2 doubles liaisons conjugu6es ou plus et un nombre de carbones de 4 & 24 dans la molecule; un compose 
de formule 

(Cp^iR^XV, 

dans laqueile Cp est un groupe cyclopentadtenyle, R 3 est un groupe hydrocarbons de 1 & 24 atomes de carbone. 
X 3 est un atome d'halogfcne et r et s sont 0<r£4 et 0£s£3 respectivement. et un compos6 de formule 

(IrxfySiR^xVu 

dans laqueile Ind est un groupe ind6nyie, R 4 est un groupe hydrocarbon6 de 1 k 24 atomes de carbone. X 4 est un 
atome d'halog≠ et t et u sont 0<t£4 et 0<£u<3 respectivement; et 

d'un support inorganique et/ou support polymfcre particulate (iv). 
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FIG.l 



transition metal component (I) 



Mel = zr, Ti or Hf 



Me 2 R 2 n X 2 2 -n 

Me 2 ■ I - III groups 



organic compound having 

2 or more cyclic conjugated 

double bonds 



inorganic carrier and/or 
particulate polymer carrier 



organometal component (II) 



modified organoaluminum compound 
having A1-0-A1 bonds 
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